Introduction
The cod populations off southern Labrador and eastern Newfoundland have been managed as a single stock complex since the implementation of total allowable catches in 1973 (ICNAF, 1972) . There is a cline from north to south in such biological parameters as growth (May et al., 1965) , fecundity (May, 1967) , vertebral numbers (Templeman, 1981) , and age and size at maturity (Fleming, 1960) . At the same time, however, tagging studies have confirmed that there is clear indication of localization of tag recoveries in coastal waters of Labrador and Newfoundland from cod tagged at specific inshore and offshore localities (Templeman, 1979) .
May (MS 1966) hypothesized that the cod stock complex was composed of at least three major groups, the distributions of which overlap in summer and tend to be separate in winter. These are as follows:
1. The "Labrador-Newfoundland" stock, which spawns mainly on Hamilton Bank and possiblytoa small extent on the Northeast Newfoundland Shelf and is distributed in summer along the coasts of Labrador and northeastern Newfoundland.
2. The "Northeast Newfoundland" stock, which spawns mainly on Hamilton Bank but also on the Northeast Newfoundland Shelf. Its distribution in summer extends only along northeastern and eastern Newfoundland. Alternately, two stocks may be involved, one spawning on Hamilton Bank and the other on the Northeast Newfoundland Shelf.
3. "East Newfoundland" stock which spawns on the northern Grand Bank and is distributed in summer mainly along eastern Newfoundland but may extend to northeastern Newfoundland. Templeman (1962 Templeman ( , 1966 Templeman ( , 1974 Templeman ( , 1979 Templeman ( , 1981 and May (MS 1966) suggested that there is some evidence of smaller local stocks which are associated with shelf areas such as those off Baccalieu Island, Cape Bonavista, Fogo Island, Cape St. John, and Grey Islands to St. Anthony. Templeman (1979) , from the results of taggings in 1962-66, reported that there was considerable homing of local populations of cod to original inshore tagging locations along the coast from Avalon Peninsula to northern Labrador. Either the fish remained in those coastal areas throughout the year or they actually "homed" to the areas to which they had drifted as larvae and in which they had spent the first years of their life as juveniles. The purpose of this paper is to reexamine migration patterns and stock relationships of cod off southern Labrador and eastern Newfoundland (Fig. 1 ) on the basis of recaptures of adults which were tagged offshore in areas of overwintering concentrations. May's (MS 1966) classification of the "stock complex" is discussed in the light of these more recent tagging studies.
Materials and Methods
During February-March of 1978-81, about 25,000 cod (~45 em) were tagged off southern Labrador (Div. 2J) and eastern Newfoundland (Div. 3K and 3L), using Petersen disc, spaghetti T-bar and dangler tags ( Table   1 ). The tag types were applied to cod in equal batches ·(50), so that any bias due to variation in tag loss among the different types would be equally distributed throughout all experiments. The taggings were conducted in winter on prespawning concentrations of cod on Hamilton Bank in 1981 , Belle Isle Bank in 1978 , Funk Island Bank in 1978 -81, and northern Grand Bank in 1980 The cod were caught in an Engels high-rise otter trawl (without small-mesh codend liner except in 1978), which was towed on bottom generally for 10-20 min and occasionally for 30 min, depending on the density of cod deduced from echo-sounding. Because the concentrations of cod occurred in ice-covered areas at depths of 230-350 m, the trawl was retrieved very slowly (8-10 m/min) to allow the fish to acclimate water line of the ship (i.e. they were placed, not dropped, into the sea).
to the changing pressure and to prevent suffocation from crowding in the codend. Also, the codend had to be retrieved in open water to prevent death of the cod from supercooling and eventual freezing. This occurred if, after being pulled through water where temperatures were -1.5°to -1.7°C, the cod were hauled through surface water filled with ice crystals. Similarly, the tagged cod were released in open water areas.
Tags were applied only to those cod which were classified as being in excellent condition. Anyfish, with signs of bruising, scale loss, injury to fins and gills, bleeding, "pop-eye" condition, and distended swimbladder were routinely discarded during the tagging operations. The cod were released from the codend into holding tanks with running sea water. They were retrieved individually with dipnets, measured to the nearest centimeter (fork length), examined for the gill parasite Lernaeocera branchialis, tagged andplaced in recovery tanks filled with running sea water. When it appeared that the fish had fully recovered from the shock of being handled and tagged (swimming actively), they were released through a hatch at the Year 1978 Year -81 1978 Year 1979 Tag type Yellow Petersen disc and blank (13 mm diam.) attached through the flesh posterior to first dorsal fin with soft stainless steel wire allowing 3 mm space on each side of fish.
Yellow spaghetti T -bar (7 cm long) inserted at base of first dorsal fin.
Yellow spaghetti T-bar (8.25 cm long) inserted at base of first dorsal fin.
Orange spaghetti T-bar (8.25 cm long) inserted at base of first dorsal fin.
Combination tag composed of yellow Petersen disc and blank (13cm diam.) attached through the flesh at base of first dorsal fin allowing 3 mm space on each side of fish, with yellow dangler (50 x 13 mm) atched to trail along each side of fish.
Tag recoveries were grouped arbitrarily by seasonal periods, corresponding approximately to the offshore winter fishery (January-April) and the inshore summer and autumn fishery (May-December) , and, where possible, by standard unit areas within the larger NAFO divisions. Generally, the information provided by fishermen or obtained from logbook records and observer reports was sufficient to determine the approximate locations of recaptures. There were a few instances «5% of offshore recaptures) where the tag recoveries could be assigned only to NAFO divisions, and these are not included in this analysis of the data by unit area.
The monthly nominal catches of cod by Newfoundland-Labrador fishermen in the designated unit areas, as collected and compiled by the Statistics Branch of the Department of Fisheries and Oceans, were combined for the two seasonal periods (see Appendix) and used to calculate the numbers of tags recovered by Newfoundland-Labrador fishermen per 1,000 tons of cod caught. It was not possible to include the tags recovered offshore by non-Canadian fishermen, because their catches were not available by unit areas. However, the overall distributions of tag recoveries by Canadian and non-Canadian fishermen are illustrated in the diagrams by season and unit area. The adjusted recovery rates, based on tag recoveries and catches by Newfoundland-Labrador fishermen, are considered to be representative of the overall situation, because tag recoveries by these fishermen accounted for about 56% of all tags returned during the January-April period, 90% of all tags returned during the May-December period, and 83% of all ta~c; returned during 1978-82 (Table 2) .
Results
Northeastern Hamilton Bank (Fig. 2 Fig. 2A) , with declining prevalence southward to the Avalon Peninsula. About 78% of the adjusted recoveries from inshore areas occurred north of Cape Freels (Table 3) . Recovery rates were quite high in some offshore unit areas, particularly off Labrador and on the eastern Grand Bank, but these rates are based on just 1 or 2 tag recoveries in each area (Fig. 2B ). Only 8 tags were recovered on the Grand Bank (Div. 3L), and 1 was reported from Placentia Bay. These movements confirm that cod which overwinter on the northeastern slope of Hamilton Bank contribute substantially to the inshore fishery of southern Labrador and northeastern Newfoundland north of Cape Freels and to a lesser degree in areas from Bonavista Bay southward. A few of these tags were recovered in the Strait of Belle Isle, indicating some intermingling with the northern Gulf of St. Lawrence stock.
During the January-April period, the highest numbers and adjusted rates of tag recoveries occurred on the southeastern slope of Hamilton Bank, adjacent T.A.P.lE 3. Percentaqe distribution of adjusted tag recoveries in inshore areas of labrador and eastern Newfoundland during the May-December periods to the end of 1982 from 11 tagging operations in offshore areas during the winters of 1978-81. to the tagging area, and around Hawke Channel (Fig.  2) . It is evident that cod, which were concentrated on the northeastern slope of Hamilton Bank during tagging operations in March 1981, were located farther south along the slope of that bank during the winter of 1982. This indicates that the Hamilton Bank component of the Labrador-East Newfoundland stock complex exhibits some variability in the center of distribution, extending anywhere from the northern to the southern slopes of the bank in different years.
From inshore cod tagging at Domino in southern Labrador and Quirpon in northern Newfoundland during summer in 1962-64 (Templeman, 1979) ,60-66% of the recoveries in the January-May period of subsequent years were made on Hamilton Bank and 17-24% on Belle Isle Bank, indicative of "homing" from inshore feeding grounds in summer to offshore overwintering areas. Templeman (1979) also showed that cod, which were tagged on northeastern and southeastern Hamilton Bank in April-May, returned mainly to Hamilton Bank in subsequent winters (January-May). Those results, together with these from the present study, show that the cod exhibit well-defined inshoreoffshore migratory patterns typical of homing, with inshore movement for feeding in summer and offshore movement to overwinter and spawn.
Belle Isle Bank (Fig. 3) From 2,728 cod tagged on Belle Isle Bank during 26 February-12 March 1978, there were 351 tag recoveries during the five ensuing May-December periods, of which 329 were reported by Newfoundland-Labrador fishermen. The adjusted tag recoveries in coastal waters were distributed from Labrador southward along eastern Newfoundland to the Avalon Peninsula with the highest rates in the region from southern Labrador to White Bay (Fig. 3A) . About 90% of these adjusted recoveries occurred north of Cape Freels (Table 3) . Although nearly three times as many tags were recovered in the Strait of Belle Isle and southern Labrador areas (86 and 83) as in the S1. Anthony area (31) (Fig. 3B ), the adjusted recovery rate for the Strait of Belle Isle was about 35% of the rate for southern Labrador and 50% of the rate for the S1. Anthony area. The pattern of tag recoveries along the coast indicates clearly that this group of cod, which overwinters on the shelf and slopes of Belle Isle Bank, migrates mainly to southern Labrador, Strait of Belle Isle and northeastern Newfoundland as far south as Notre Dame Bay, and confirms Templeman's (1979) results from tagging on Belle Isle Bank in September 1962. There is evidence of migration northward along the Labrador coast in summer, and a few tags were recovered south of Cape Freels. Also, 1 tag was recovered on Flemish Cap, 1 off southwestern Newfoundland and 1 off Cape Breton on the Scotian Shelf.
During the January-April period, tag recoveries were mainly from the tagging site and adjacent areas ( Fig. 3) indicating a high degree of homing in 4 successive years to the overwintering areas where they were tagged. There was some evidence of movement of this group of cod northward along the seaward slope of Hamilton Bank. These may be cod which had spawned on the slopes of Hamilton Bank and had migrated to the neighbouring Belle Isle Bank before being tagged there. Movement of these Belle Isle Bank cod southward to the Grand Bank was negligible. During the winter period, single recaptures occurred on Flemish Cap, off Cape Breton on the Scotian Shelf, and off southwestern Nova Scotia.
Northern Funk Island Bank Three tagging experiments were conducted on the northern slope of this bank, which is adjacent to Belle Isle Bank (Fig. 1 reported during the period from May in the tagging year to December 1982.
From 1,725 cod tagged on the northern slope of Funk Island Bank during 27 February-10 March 1978, there were 181 tag recoveries during the five ensuing May-December periods, of which 168 were reported by Newfoundland-Labrador fishermen (Fig. 4) . The inshore recovery rates (adjusted) were highest for the St. Anthony and White Bay areas and about one-third lower for the southern Labrador and Notre Dame Bay areas (Fig. 4A) . The recovery rate for the Strait of Belle Isle was about 60% of the rate for southern Labrador and 40% of that for the St. Anthony area. From this northern Funk Island Bank tagging, the relative recov-ery rates of tags in the Labrador, Strait of Belle Isle and White Bay areas were consistently lower than those from the Belle Isle Bank tagging experiment (Table 3) , particularly so for Labrador coastal waters, and there was greater dispersion of tag recoveries southward to the Avalon Peninsula. Except for the recoveries from the Strait of Belle Isle, the only tags returned from areas outside Div. 2J, 3K and 3L were 3 from the fishery off central Labrador and single recoveries from Placentia Bay and northeastern Scotian Shelf (Fig. 4B) . Newfoundland-Labrador fishermen (Fig. 5) . The adjusted recovery rates were relatively high (0.54-0.79) in coastal areas from southern Labrador to Conception Bay (Fig. 5A ). The results from this experiment indicated a more southerly distribution of adjusted tag recoveries than the 1978 tagging ( (Fig. 5B ).
From 3,139 cod tagged on the northern slope of Funk Island Bank during 25-27 March 1981, there were 216 tag recoveries during the two ensuing May-December periods, of which 193 were reported by Newfoundland-Labrador fishermen (Fig. 6 ). The highest adjusted recovery rates in coastal waters were for the southern Labrador and St. Anthony areas (1.23-1.60), with somewhat lower values forthe eastern Newfoundland areas (0.66-0.85) (Fig. 6A) . The rates were quite high in some offshore areas, but these are based on few tag returns and very low catches. The relative proportions of adjusted recoveries from coastal waters were similar to those from the 1979 tagging (Table 3) , with slightly more than half (56%) from the region north of Cape Freels in 1981, compared with 68% from the 1978 tagging. The offshore recoveries were mainly on the northern and central areas of the Grand Bank and on the Northeast Newfoundland Shelf (Fig. 6B) . Except for those from the Strait of Belle Isle, the only recoveries outside Div. 2J, 3K and 3L were 2 off central Labrador, 3 in the northern Gulf of St. Lawrence and 1 on the southwestern slope of Grand Bank.
The May-December results from the three taggings on the northern slope of Funk Island Bank confirm that this component of the stock complex contributes substantially to the inshore fishery from southern Labrador southward to the Avalon Peninsula, in contrast to the relatively smaller contributions to the fishery south of Cape Freels from the Hamilton Bank and Belle Isle Bank taggings. These results are similar to those reported by Templeman (1979) 
northwestward around Belle Isle Bank and Hamilton
Bank. There were a few winter recoveries on the northern Grand Bank from each tagging (Fig. 4B-6B ), and single tags were reported from southwestern Newfoundland and Fortune Bay (Fig. 5B ).
Eastern and southeastern Funk Island Bank (Fig. 7  and 8) From 1,801 cod tagged on the eastern slope of Funk Island Bank during 25 February-2 March 1979, there were 232 tag recoveries during the four ensuing May-December periods, of which 201 were reported by Newfoundland-Labrador fishermen. The inshore recoveries were distributed mainly from Notre Dame Bay southward to the Avalon Peninsula, with the highest adjusted rates (1.11 and 1.01) in Bonavista Bay and Trinity Bay (Fig. 7A) . The proportion of adjusted recoveries from inshore areas south of Cape Freels (77%) was substantially higher than the corresponding proportions (32-51%) from the three taggings on the northern slope of Funk Island Bank (Table 3 ). The relatively high recovery rates in four offshore areas of the Grand Bank (0.63-1.36) are based only on 2 or 3 tag returns from each area (Fig. 7) , but there were 11 recoveries in a central Grand Bank area. In addition to some movement of cod from the tagging area to southern Labrador and the Strait of Belle Isle in summer, there were 5 recoveries on the southern Grand Bank and 1 on the northeastern Scotian Shelf.
From 2,259 cod tagged on the southeastern slope of Funk Island Bank during 17-23 March 1980, there were 125 tag recoveries in the ensuing three May-December periods, of which 106 were reported by Newfoundland-Labrador fishermen. The distribution of inshore recoveries was generally similar to that of the preceding experiment with some variation in adjusted rates from Notre Dame Bay southward to St.
Mary's Bay (Fig. 8A) . The proportion of adjusted recoveries from inshore waters south of Cape Freels was 81% (Table 3) , with substantially higher proportions in the most southerly areas than were evident from the 1979 tagging on the eastern slope of Funk Island Bank. The offshore recaptures occurred mainly around the Virgin Rocks on the central Grand Bank (Fig. 8B) . In addition to a few recoveries in the southern Labrador and Strait of Belle Isle areas, there were 2 in the Gulf of St. Lawrence and 2 in Placentia Bay.
In the January-April period, tag recoveries from both experiments were substantially less than those in the May-December period (Fig, 7 and 8 ) and were distributed in and around the tagging area and on the northern Grand Bank. Single recoveries were reported from Hamilton Bank in the north and from southern Newfoundland areas in the south, It is clearly evident from these tagging experiments on Funk Island Bank that migration in summer is mainly to eastern and southeastern Newfoundland from Notre Dame Bay to St. Mary's Bay, with some movement southward to northern and central Grand Bank areas.
Western and southwestern Funk Island Bank (Fig, 9 and 10) From 2,158 cod tagged on the western slope of Funk Island Bank during 24-27 March 1980, there were 334 tag recoveries during the three ensuing May-December periods, of which 320 were reported by Newfoundland-Labrador fishermen. The inshore recoveries were distributed mainly from the Strait of Belle Isle entrance to the Avalon Peninsula, with the highest adjusted rates (2.43 and 2.06) in Notre Dame Bay and Bonavista Bay (Fig. 9A) 'lb", . rates both northward in the Green Bay and White Bay areas and southward in the Trinity Bay and Conception Bay areas. In contrast to the results from the preceding two experiments on the eastern and southeastern slopes of the bank, there was a substantial increase (to 40%) in the percentage of adjusted recoveries from the inshore region north of Cape Freels and a corresponding decrease (to 60%) from the southern inshore region (Table 3 ). There were several offshore recoveries on the northern and central Grand Bank, and single tags were returned from Fortune Bay and the northern Gulf of St. Lawrence (Fig. 9B) .
From 1,195 cod tagged on the southwestern slope of Funk Island Bank during 14-17 March 1981, there were 135 tag recoveries during the ensuing two May-December periods, of which 134 were reported by Newfoundland-Labrador fishermen. The inshore distribution of adjusted recaptures was approximately similar to that of the preceding experiment, with the highest rates (1.83 and 1.22) in Notre Dame Bay and Bonavista Bay (Fig. 10A ) and somewhat lower rates in adjacent areas to the north and south of these bays. The relative proportions of adjusted recoveries north and south of Cape Freels (44 and 56%) were similar to those for the preceding experiment (Table 3 ). There were 4 recoveries on the northern Grand Bank and 1 off western Newfoundland, but none were reported from the Labrador coast except in the Strait of Belle Isle (Fig.  10B ).
During the January-April period, there were only 28 and 6 tag recoveries from the 1980 and 1981 experiments respectively ( Fig. 9 and 10 ). About half of these recoveries were northward of the tagging site as far as Hamilton Bank, but several occurred in the vicinity of the tagging area and southward on the northern Grand Bank. There were only 2 inshore recoveries, 1 in Trinity Bay and 1 off the south coast of Newfoundland.
Inshore recaptures from these two taggings nearer the coast were somewhat more localized than those from the tagging farther offshore on the northern and eastern slopes of Funk Island Bank. This group of cod contributes to the summer fishery along the coast from the Strait of Belle Isle to the Avalon Peninsula, with greatest concentration in the Notre Dame Bay and Bonavista Bay areas and declining presence in areas north and south of these bays.
Northern Grand Bank (Fig. 11 tag recoveries during the three ensuing May-December periods, of which 92 were reported by Newfoundland-Labrador fishermen. The inshore recoveries (adjusted) were distributed almost equally (0.41-0.46) in the region from Trinity Bay to St. Mary's Bay (Fig. 11A) , with 98.5% being recovered south of Cape Freels (Table 3) . However, mostofthe recoveries were from offshore areas on the northern half of Grand Bank and a few occurred on the southern part of the bank (Fig. 11B) . During the May-December period, there were only 2 recoveries (both inshore) north of Bonavista Bay, and single recoveries were recorded from four unit areas in Div. 3P off southern Newfoundland and 1 from the Scotian Shelf.
Recoveries during the January-April periods of 1981-82 were mainly from areas around the tagging loction, although there was some northward movement to the Northeast Newfoundland Shelf and Hamilton Bank (Fig. 11 ). There were no recoveries from coastal waters and the southern Grand Bank, but a single tag was recovered on the southern slope of St. Pierre Bank.
Discussion and Conclusions
The migratory patterns of cod, based on tagging the various spawning components of the stock com-plex in Div. 2J, 3K and 3L, confirm that there is associated with each component a definite inshore distribution in summer-autumn and presumably a high degree of homing during winter to concentrate for spawning in or near the offshore areas where the fish were tagged. The components which overwinter on the slopes of Hami Iton Bank and Belle Isle Bank contribute very significantly to the summer fishery along the coasts of Labrador and northern Newfoundland, including the Strait of Belle Isle, and insignificantly to the fishery south of Notre Dame Bay. These patterns of migration and summer distribution conform with May's (MS 1966) concept of the "Labrador-Newfoundland" cod stock. High exploitation of the overwintering concentrations in the Hamilton Bank and Belle Isle Bank areas would have adverse effects on the inshore fishery from southern Labrador to Notre Dame Bay. On the other hand, the effects of high exploitation of the concentrations on the northern part of Funk Island Bank would be distributed almost equally over a much larger area from southern Labrador to the Avalon Peninsula.
The stock component which overwinters on the eastern and southeastern slopes of Funk Island Bank contributes very substantially to the inshore fishery of eastern Newfoundland from Notre Dame Bay to St. Mary's Bay, mainly in the region south of Cape Freels. The component which overwinters on the western and southwestern slopes of the bank contributes mainly to the localized fishery in Notre Dame Bay and Bonavista Bay and less significantly to the fishery in areas north and south of these bays. Thus, the components which overwinter and spawn on the slopes of Funk Island Bank collectively form what might best be described as the "Eastern Newfoundland" stock, and the inshore fishery from Notre Dame Bay to the Avalon Peninsula would likely be sensitive to changes in the size of this stock.
The component which overwinters on the northern slope of Grand Bank migrates in summer not only to coastal waters of eastern Newfoundland south of Cape Bonavista but also southward along the eastern edge of Grand Bank, around the Virgin Rocks on the central part of the bank and to the southwestern slope. High exploitation of this stock component in offshore areas would have some effect on the inshore fishery of southeastern Newfoundland.
From all of the cod tagging experiments, there is evidence of substantial inshore migration in summer and subsequent homing to specific offshore overwin-tering and spawning areas, although with some straying. Therefore, heavy offshore exploitation of a particular component of the stock complex in winter could have concomitant adverse effects on the inshore summer fishery. The cod fishery could be poor along a particular section of the coast and successful in other areas, depending on which offshore component of the stock complex was heavily or lightly exploited. It is therefore desirable that the offshore winter fishery be regulated to prevent excessive exploitation of anyone component of the stock. This could be achieved by ensuring that the allowable level of fishing effort is distributed over the entire stock complex.
Pin horn (1984) estimated that about 5% of the Div. 2J+3KL stock of cod, which survived the winter fishery in each year of the 1961-74 period, were actually caught in the summer fishery of these years, but that the inshore exploitation increased subsequently to 17% in 1976. If these rates reflect the "average" situation, the actual rates of inshore exploitation may vary greatly from area to area, depending on the extent of migration and distribution of the various stock components.
